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Experimental and Clinical Studies on Superselective 
Angiography and Embolization Using 
Balloon Catheter Systems 
WARO TAKI 
Department of Neurosurgery, Faculty of Medicine, Kyoto University 
(Director Prof. Dr. HAJIME HANOA) 
In order to develop a new balloon catheter technique, four types of balloon catheters, 
. catheter delivery system and a radiopaque solidifying liquid were made. Two balloon 
catheters were made for superselective angiography and catheterization of the human 
cerebral blood vessels. One has a double lumen, which enables a local introduction of 
chemical agents. The other is used for temp?ral occlusion of the cerebral artery. The other 
two types of balloon catheters and a solidifying liquid were made for embolization of the 
intracranial lesions such as giant aneurysm, arteriovenous malformation and carotid-caver-
nous sinus fistula. In one type (Type I releasable balloon cathlter), the balloon is released 
from the catheter by twisting off the specially designed joint, which connects the balloon 
and the catheter. The joint is made of ethylene-vinylalcohol copolymer. In the other type 
(Type Il releasable balloon catheter), the balloon is released from the catheter by dissolving 
the specially designed joint. The joint is made from a polyvinylalcohol tube and has two 
electrodes. When a high frequency electrical current is activated, the resulting heat causes 
the joint to disappear within one second. The type of generator used was Aesclup GK-34. 
Key words : Balloon catheter, Superselective angiography, Arteriovenous malformation, Aneurysm, 
Carotid-cavernous sinus fistula. 
索引語：バルーンカテーテル，超選択的血管造影，脳動静脈奇形，脳動脈癌，頚動脈海綿静脈洞痩．
Present address . Department of Neurosurgery, Faculty of Medicine, Kyoto University, Sakyo-ku, 
Kyoto, 606, Japan. 
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To prevent a released balloon from deflation, radiopaque solidifying liquid was used. The 
liquid was prepared by mixing 2-hydroxyethylmethacrylate (HEMA) with a suitable contrast 
medium such as metrizamide, sodium iothalamate or meglumine sodium iodamide. This 
mixture sets to gel within four minutes at 37°C. 
Experimental internal carotid arteriogram in five dogs were successfully carried out 
without any trouble. 
Two types of releasable balloon catheters were examined in 17 dogs. Experimentally 
created carotid-jugular fistulas were successfully embolized while preserving the carotid blood 
flow in al dogs. Histological examination revealed that the base of the released balloon, 
which faces the carotid lumen, was first covered with a thin thrombus. Endothelialization 
of the thrombus started within seven days and completed within forty days. 
After testing these catheters in dogs, they were put into clinical use. At present, 23 
catheterization or superselective angiography, including 9 embolization were performed. Two 
complications occurred. A cerebral artery no less than lmm in inside diameter, was 
easily catheterized with our cathlter with the help of a compression technique and double 
balloon catheter technique. In superselective angiography, proper use of the elimination 
method and non-elimination method were mandatory to get a good arteriogram. Using the 
balloon embolization, the main feeding arteries to the arteriovenous malformation, cavity 


















carotid siphonをζえて頭蓋内血管lζ最初に cathe・ 
terizationを行なったのは LuessenhopとVelasquez









Gacs15>, Pevsner30＞らが superselectiveangiography 
を普及させた．
一方 catheterを用いての治療では， 1971年， Prolo,
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terも血管内lζ残しておかねばならないという欠点が I Balloonの作製
あった． そζで栓塞子である balloonを catheterか Balloonの材質として silicone21，加を用いた報告も
らうまく切り離せないかという問題に関心が寄せられ あるが， naturalrubber （強度 100～400kg・cmz，伸
た.1974年 Serbinenko33l は Luessenhopらが証明 度250～1,000%）がsilicone（強度40～150kg・cm久
したような選択性の優れた flow-guidedの balloon 仲度 40～300%)＇ζ比べ，強度，仲度などの力学的性




とのように flow-guidedの ballooncatheter tech- 用いた．型を naturalrubber latexと加硫剤を 1: 1 
niqueは，超選択的血管造影を可能にする点で診断上， の容積比で配合した液l乙浸潰し型iζ塗布した．浸償固
また頭蓋内血管病変を閉塞治療できる点で治療上，画 数を増加するζとにより， balloonの壁厚を調節した．
期的な手技となりうる ζとは云うまでもない．しかし 通常2回の浸漬塗布で壁厚 100～200μ となった．
ながら Serbinenkoの catheterは安全性の上で問題 Latexを塗布した型をオーブン乾燥器lζ入れ 80±5°C
があり，その後開発された Del:.run7•8＞らの releasable の状態で30分間放置し lutexを乾燥加硫させた．加硫
balloon catheterは carotidsiphon以上の血管病変 後できあがった balloonを型よりとりはずす． ζの
には用いえないという欠点がある．したがって本研究 方法で作製した balloon の伸度は約 BOOJ~ であった．
では安全で確実な，超選択的血管造影および脳血管病 Balloon先端より薬剤を注入する場合には， 先端に
変lζ対する超選択的閉塞治療に用いうる flowguided 予じめ pinholeを設けた.Pinholeを設ける balloon
の ballooncatheter techniqueを発展させる目的で新 先端は墜を厚くしておいた Balloonが膨張し， balloon




Table 1 1 ,10,12,!4,1,21,2,24,30,32,m1ζ示した． ζれらの
うち超選択的血管造影ないし頭登内血管の catheteri-
zation iζ使用されたのは， Luessenhop24>,Serbi-






















ethylene, teflon, polyurethane, polyvinyl chloride, 
および siliconeが利用されている28) 内径 lmm前後
の脳血管に誘導するにはcatheter外径が Fr.2. 5 (= 
0. 835mm）以下で柔軟な材質を選ぶ必要がある．上記




たがって polyethylene,polyurethane, polyvinyl chlo-
ride, siliconeのうち，入手可能であった．比較的柔軟
な polyethylene（外径 Fr.2. O，引張強度 645g，ヤン
ク率3.8kg，振り強度 108g,shore S 85今村コム工業）
と silicone（外径 Fr.2. 0，引張強度 1500psi，伸び率
500～7005百Dowcorning cat. no. 602-105）を用い
fこ．
ζのうち siliconeは柔軟すぎるのでかえってcathe-










Luessenhop not reported ;ilfbably silicone 
no catheterization no 
s icone 
Fogarty Fr. 2 natural ~i~viny) chloride no embolectomy yes 
rubber stainless wire 
Swan Fr. 4 natural polyvinyl chloride no selective catheterization y
es 
rubber 
Kessler, Wholey Fr. 4 natural polyethylene no thrombotic occlusion y
es 
rubber 
Griintzig Fr. 5 ;ili.bably polyvinyl chloride
 no angioplasty yes 
s cone 
Dotter Lukas Fr. 8. 5 natural dacron no catheterization, occlusion y
es 
rubber 
Serbinenko 1 probably Fr. 2 ;ili.bably , ~~l;e~t~ene no superselective angiography no cone 
2 probably Fr. 2 ;i!f~o~~y ~~l;e~t%ene yes embolization no 
Kerber Fr. 2. 5 silicone silicone no embolization with isobutyト yes cyanoacrylate 
Djindjian Fr. 2 natural polyethylene no superselective angiography no 
rubber 
Debrun Fr. 2 natural tef!on yes embolization no 
rubber 
Pevsner Fr. 2 silicone polyethylene no superselective angiography no 
2 Fr. 2 silicone polyethylene yes embolization no 
1 Fr. 2 natural polyethylene no superselective angiography no 
rubber 
Our catheters 2 Fr. 2 natural polyethylene yes embolization no 
rubber 











French Size Name 













Fig. 1 Balloon catheters : (A) Non-releasable balloon catheter for superselective angiography and 
catheterization for human cerebral blood vessels ; balloon is fastened to the catheter (outside 
diameter 0. 6mm) with adhesives (oblique lines〕； theadhesive is also applied to smooth 
the junctional part enabling the balloon catheter to be withdrawn readily and preventing the 
base of the balloon from being caught by the tip of the introducing catheter (large arrow〕；
a pinhole is made when the balloon catheter is to be utilized for angiography or the local 
injection of drugs (small arrow〕. (B) Releasable balloon catheters ; (left〕TypeI balloon 
catheter ; (a) The balloon. (b) The polyethylene catheter. (c) The tube made from an ethylene-
vinyl alcohol copolymer 〔EVA). This part is released by twisting the polyethylene catheter. 
(cl) The silicone sheath protecting the EV A tube from being bent by the coはntercurrentof 
the blood during the insertion of the balloon catheter into the introducing cathet巴r.Shaded 
parts indicate adhesives. (right) Type Ilballoon catheter (a) The balloon. (b) The joint made 
from a polyvinyl alcohol tube, which dissolves when it is heated to 80'。Cbut has sufficient 
strength to hold the balloon in the blood stream at 37°C. (c) The electrodes made of copper 
wire (0. 05mm¢>). (cl) The enamel coated wires which connect the electrodes to the high 
frequency electrical current generator (Aesclup GK 34). (e) The catheter. (f) The protecting 
tube. 
の動物実験にのみ使用した．
catheteri zation lζ用いる ballooncatheterでは，
閉塞治療に用いる releasableballoon catheterと違い
balloonとcatheterを強固に連結するζとが必須であ





Introducer については後述する． この introducer
は balloonca thetE rの抜去時も guideとして利用す














Fig. 2 Catheter system：凶 Ballooncatheter (B) Introducer, which introduces balloon catheter into 
the artery. : (C) Tuohy borst adaptor (UMI Copr.) and polyethylene tube. This device prevents 
blood from leaking. 
平滑化した．平滑化しておけば， catheterの抜去は容 雑種成犬5頭を sodiumpentobarbitalで麻酔後右
易である（Fig.1). 大腿動脈より Fr.6. 0の polyethylenecatheterを挿
II. Catheter System 入， X線透視下で右総頚動脈iζζの catheterを誘導
balloon catheterは血流にのって末的に運ばれるの した． ζのintroducerを通してpinholeなしのballoon
で血流lζ逆行するζとは難しい．また前述の如く，先 catheterを挿入し， balloonが introducer先端より
端がballoonでかつ catheterが柔軟であるため guide 出た所で balloonを造影剤で少し膨張させて血流にの
となる tubeを，体外から順血流方向となる頚動脈， せ， balloonを外頚動脈起始部に誘導した.Balloonで
椎骨動脈まで挿入しておく必要がある． ζの guide 外頚動脈を一時的に閉塞し，同時に introducerより




由で Seldinger法を用いる場合は Fr.6. 0の poly- V.臨床応用
ethylene製の catheter〔BD, Formocath. No. 7650〕 現在までに23回の頭蓋内血管の catheterizationを
を用いた回総頚動脈経由の場合18ないし 19G.の 9～ 行なった．そのうち 9回は後述の閉塞治療であった．
13cmのエラスタ針（Hakko）あるいは Fr.5.0～6.3 2固に catheter操作の未熟による合併症をみた
のSheathintroducer (Cook, USCI）を用いた Intro・ (Table 2). 
ducerと ballooncatheterの聞の逆行血流の sealing Catheterizationおよび超選択的血管造影は，きわめ
にTuohyborst adaptor (UMI), Fr. 2. 5 polyethylene て細い flow-guidedの ballooncatheterを用いるの
catheter (Cook）を用いた.Catheter と introducer で特殊な手技を必要とした．以下の手技を用いて，ほ
の聞はへパリン生食水で頻回に flushする． lit自E[JIζ頭蓋内血管の catheterizationが可能で，ま
IV.動物実験 た鮮明な血管造影像を得る ζとができた．




Fig. 3 The selective internal carotid arteriogram 
of a dog in late arterial phase ; .the balloon 
without pinhole is inflated at the origin of 
the external carotid artery (arrow〕occlud-
ing temporarily the arterial lumen ; iodin-
ated contrast medium is injected via the 
introducing catheter. 














































脈の ambientsegment k入っており， balloon先端よ
り造影剤が注入されている．














Table 2 Catheterization of the cerebral vessels 





















A VM : arteriovenous malformation 
CCF carotid-cavernous sinus fistula 
ICA internal carotid artery 
ACA : anterior cerebral artery 
MCA : middle cerebral artery 
PCA : posterior cerebral artery 
*Thromboembolism of Ml occurred 







PCA (quadrigeminal segment) 
middle internal frontal 



















































Fig. 4 An arteriovenous malformation of the left 
thalamus and basal ganglia. In this case 
the double balloon catheters techique was 
used ：凶Inorder to catheterize the anterior 
choroidal artery, the first balloon catheter 
was inflated at the terminal portion of the 
internal carotid artery, temporarily occlud-
ing the arterial lumen (arrow). (B) The 
altered blood flow easily drove the second 
balloon catheter (large arrow) into the an・
terior choroidal art巴ry; the first balloon 
catheter is indicated by the small arrow. 
IC) The inflated second balloon occluded 
the anterior choroidal artery ; the balloon 
is stil attached to the catheter(large arrow); 













Fig. 5 The superselective posterior cerebral arte-
riogram by non elimination method ; balloon 
catheter with pinhole was introduced into 
the ambient segment of the posterior cere-
bra! artery (arrow) ; indinated contrast 
medium was injected distally from the 
balloon through the pinhole. 








出しでも，人体への副作用が少ないとと， 3) balloon 
の血管病変部への導入後は，速やかに硬化するζとな
どである． ζれらの条件を満足する硬化性液体とし
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Fig. 6 (A) A right thalamic arteriovenous malform-
ation, selective right vertebral arteriogram. 
(B) The baloon catheter without pinhole is 
introduced into the terminal portion of the 
right internal carotid artery. (C) The inflated 
baloon temporarily occluded the internal 
carotid artery to eliminate the anterior and 
middle cerebral arteries from the selective 
internal carotid arteriogram . thus a super-
selective posterior cerebral arteriogram was 
obtained. The feeding arteries from the 
posterior cerebral artery are more clearly 
visualized in this arteriogram compared to 
that of the right vertebral arteriogram. 
, . 
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Table 3 Composition of the radiopaque, solidifying 
liquid 
Chemicals Amounts 
2-Hydroxyethyl methacrylate 100 ml 
Ethyleneglycol dimethacrylate 5 ml 
Benzoyl peroxide 150 mg 
N, N dimethyl-p-toluidine 0. 5 ml 
One of three, powdered contrast mediaキ 17g 
本sodiumiothalamate, meglumine sodium iodamide 
or metrizamide 
monitorできた．
I. Releasable Balloon Catheters 
















Debrunの catheter7,Blでは balloonはcatheterlζ 
弾性糸で結殺されている. balloon catheterよりー ま















Fig. 7 The balloons were inflated with radiopaque, solidifying liquids. These liquids were sufficiently 
radiopaque for the balloon to be monitored under an X-ray image intensifier. The inflated 
balloons were placed on the forehead of a volunteer. Left : mixture of HEMA, ethyleneglycol 
dimethacrylate and metrizamide. Middle mixture of HEMA, ethyleneglycol dimethacrylate and 
sodium iothalamate. Right : mixture of HEMA, ethyleneglycol dimethacrylate and meglumine 
sodium iodamide. 





ら欠点を改良すべ＜ 2種類の releasableballon cathe-
tersを作製した．


















vinylalcohol co-polymer (ethylene含量 33mol%. 












い．事実Pを 180mmHg，ρをlg・cm-3, u を lOOcm•
































さらに EVAtube （外径350μ，肉厚 35μ，引張強度
49g，摂り強度 lOg）を切り離し部とした balloonca・
theterの流水中での強度を確かめるため，次の実験を
行なった．内径 4mmの siliconetube lζ静水圧 172
mm Hgの水を 720ml・min1 （管の平均流速 96cm•
sec-1）で流しながら siliconetubeの中途より balloon
catheterを挿入したとζろ， EVAtubeは断裂しなか

























(Fig. 1）.ζの保護 tubeで EVAtubeの折れまが
りは防止でき，安全に血管病変部まで balloonを誘導
するζとができた．


















polyvinyl alcohol (PV A〕23，山の tubeを用いた.PVA 
は水中で約80°C以上に加熱すると溶解する． ζの性質
















ζれIζlOOohm下で 1.75 MHz, 6 wattsの出力の電
流を流すと PVAtubeは溶解する．
Type I の ballooncatheter kは balloonの根本
lζsealing装置がないので，閉塞治療時には硬化性液



























十分に硬化したのち， catheterを回転した． Balloon 
と catheterは切り離された． 10頭共lζ閉塞lζ成功し
た．
B. Releasable Balloon Catheter, Type I 
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Fig. 8 Experimental embolization of a carotid-jugular fistula in a dog.凶 Thecarotid jugular fistula 
(arrow). (B) The balloon was inflated with a radiopaque solidifying liquid. The balloon was 




めに catheter材質を silicone(DowCorning cat. no. 
602-105〕とした． 頚動脈lζsheathintroducer Fr. 
5.5を挿入後，あらかじめ 20mlの注射筒に内蔵した
bJlloon catheterを injection法で sheathを通し渡
部l乙誘導した． Balloonを硬化性液体で膨張させ痩部
を閉塞した.Catheterの lead線を AesclupGK-34 
K接続，dosislevel 3 (1. 75MHz, 100 ohm, 6 watts) 
の高周波電流を流したととろ 1秒以内に balloonは
catheterから切り離れた（Table4). Embolization 
結果の followupのために 1週後，40日後， 50日後lζ
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‘＇.， 
Fig. 9 A left frontal arteriovenous malformation : 
凶 Selectiveleft internal carotid arteriogr・ 
am. （同Thereleasable balloon catheter (type 
I〕wasintroduced into the left callosomar・ 
ginal artey. After injection of a solidifying 
liquid into the balloon, the balloon was 
released from the catheter. (C) Although the 
callosomarginal artery was obliterated by 
the released balloon, the shunting blood 
flow was stil large. (D) The second balloon 
catheter was introduced into the left peri-
、callosalartery via the right internal carotid, 
right anterior cerebral and anterior com・ 
municating arteries. The balloon was relea-
sed from the catheter. (E) The shunting 
blood flow was considerably decreased. 
現在までに balloonembolizationを脳動静脈奇形3
例，脳動脈癒3例，頚動脈海綿静脈洞痩l例lζ用い，
計9回の releasableballoon technique による閉塞を
行なった. 9回のうち 8回は， typeIのballoncathe・ 












































Fig. 10 Embolization of a giant aneurysm凶 Beforeembolization (B) The aneurysmal neck was emboli-
zed with a released balloon. 
Table 4 The results of the embolization in dogs using type I balloon catheter 
！日ghfreque町 ITi…uired to 
electrical current* dissolve the joint Fistulas 
I Carotid b刷
flow 
lOOohm, 6watts one second obliterated preserved 
2 carotid lOOohm, 6watts one second obliterated preserved 
3 carotid lOOohm, 6watts obliterated preserved 
4 carotid lOOohm, 6watts obliterated preserved 
5 carotid lOOohm, 6watts one second obliterated桝 preserved 
6 carotid lOOohm, 6watts one second 。bliterated preserved 
7 femoral lOOohm, 6watts one second obliterated preserved 
The results were proven by arteriogram, immediately after the embolization. 
ホAfrequency of 1. 75MHz. was used. 
料 Thefirst balloon, when released, floated away because it was too small. The second 
balloon obliterated the fistula. 
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＼ 卜／
Fig. 11 The experim~ntal carotid-jugular fistula in a dog ; one week after the embolization；凶 1.
carotid artery 2. jugular vein 3. balloon; the base of the balloon was covered by the incom-
pletely organized thrombus (arrow). The venous wall just adjacent to the balloon was necrotic 
and lost it’s laminar structure. Hematoxylin-eosin stain (arrow). (B) The magnified view of 
the thrombus. There was an endothelial cell proliferation over the thrombus (arrow). Hema-




Table 5 Embolization with releasable balloon technique 
Site of occlusion 
A VM . arteriovenous malformation 
CCF : carotid-cavernous sinus fistula 
ICA : internal carotid artery 
MCA : middle cerebral artery 
Type I releasable balloon catheter, Type I 
Type I releasable balloon catheter, Type Il 
ホBalloonwas accidentally released. 
AVM 












































anterior choroidal artery 
middle internal frontal 
posterior internal frontal 
pericallosal 
pericallosal Type I 
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"DI • Releasable Balloon Catheter 































今までに releasableballoon technique による治療
報告として Serbinenko33lおよび Debrun8＞のもの






































































































callosal arteyの supracallosum，中大脳動脈の Mぁ
後大脳動脈の quadrigeminalsegmentまでである．
7.超選択的血管造影法として eliminationmethod 
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